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(57) Abstract: A spacer layer (151) of SiGe, a graded base layer (152) of boron-containing SiGe, and a silicon cap layer (153) are 
epitaxially grown in sequence on a collector layer (102) of a silicon substrate. On the silicon cap layer (153) are formed a second 
deposited oxide (1 12) with a base opening (1 18) and a P + poly silicon layer (1 15) filled in the base opening to form an emitter contact, 
and phosphorus is diffused in the silicon cap layer (153) to form a diffused emitter layer (153a). In growing the silicon cap layer 
(153), in-situ doping is used so that boron may be present only in upper portions. As a result, the width of a depletion layer (154) is 
reduced, thus reducing recombination current and improving the linearity of a current characteristic. 
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(57) Abstract: A spacer layer (151) of SiGe, a graded base layer (152) of 
boron-containing SiGe, and a silicon cap layer (153) are epitaxially grown in 
sequence on a collector layer (102) of a silicon substrate. On the silicon cap 
layer (153) are formed a second deposited oxide (112) with a base opening 
(118) and a P* polysilicon layer (115) filled in the base opening to form an 
emitter contact, and phosphorus is diffused in the silicon cap layer (153) to 
form a difiused emitter layer (153a). In growing the silicon cap layer (153), 
in-situ doping is used so that boron may be present only in upper portions. As 
a result, the width of a depletion layer (154) is reduced, thus reducing recom- 
bination current and improving the linearity of a current characteristic. 
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(57) Abstract: A spacer layer (151) of SiGe, a graded base layer (152) of 
boron-containing SiGe, and a silicon cap layer (153) are epitaxially grown in 
sequence on a collector layer (102) of a silicon substrate. On the silicon cap 
layer (153) are formed a second deposited oxide (112) with a base opening 
(118) and a P* polysilicon layer (1 15) filled in the base opening to form an 
emitter contact, and phosphorus is diffused in the silicon cap layer (153) to 
form a diffused emitter layer (153a). In growing the silicon cap layer (153), 
in-situ doping is used so that boron may be present only in upper portions. As 
a result, the width of a depletion layer (1 54) is reduced, thus reducing recom- 
bination current and improving the linearity of a current characteristic. 
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>)Htr«fflJB 1 5 3 b J:©M(c«±x p n&-&8iifimj&£ tl^ *©te&^ 
Wpni^I^R^, $ 1 ©^;£Jf Sgjfr&Sfi 2 O^^S^ * t? ©ISB £ 
15 4 ti&o u©i:^ ^SJf 154®5^i2 ©Jt«^ftiJB£ 1 1 2C 

j£»r*as^ tt*OHBTC«t)-5SgI5S4 (HI 2 < a ) #M8) <Z>J£ 

COJ:5**IIH|©SiGe-HBTi:j;§i:> 02 (a) C^tJ:^:, S 
i*t^H5 3©±gR (Si 2if«^{b®t 1 2 2©i£T©««) 
n K-7'^tLtV^0-C> S^I 1 54®i <SS 1 ©S^«^^^>^ 2 ©S 
;£«^£;^©8g$f£) , Kl:, S i * 71 1 5 3 ©_t£&£:)3^T^;£Jf tfl#fi 

ia i i (b) '&ftT%n3vmntemiz&^xtei£$tife*mw(DiiBT 

«H4) ^^titfeS. HEIfc^Tx ^fftii^-* • y^lff (V) £^ 

iRr14«ft 2:3 u ^ ^«m^'tt^i:© 5 P^Tll^A s J:biS^^JS$^^z$i^^nTV^§o o£ 

bfc* s ot> *3§HJ3£ £3 2:, m 2 (a) izmTJiolz, Si^Ftv 1 5 

®}TZ> d 2:#-Tr § -So ^©^m> ^SJirtK: U 7©IS*§-&R:jSB-r S 
S ©l ;i/*5M4©afc#fc «t ©M&hbt 

z. i:*s^#§*)©2:#^.e>tiSo 
^ fe, Si*tf71153 ©±SggPfCj3^T^ 2 ©t£«t&<ffclg 112 2:©# 
®Jc:*?{^S^®*'t5i*s^n >© K — otfiilt 1^3 nSm&1$%> D> C© 
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0>Jx.fcf9 0 0°CgS) ©T--;v^fr^5 d ^ic J: ig 2 ©if 112 
S i * :TJB 15 3 fc©#*aa*#$ffi»-r 5 3 i:#Jfc«i8&g"C&3 S 
iGe-HBTt^^tli, § KM©M3I#H!iT* & 3 £ h £> „ 

mz, mi, m2 (a) izm-rm^^mm-r^fz^xDmrn^mzmT^^mm 
-m i (ommmm- 

3 (a) (b) b^^^i^B^-T-So 

1^ 0 3 (a) Citlgt> (001) S iSfi 100© 

i$^l//ra©Nl0I/hD^l/-KC7i;H 0 1 ^Mt5o fegl, 
aitr^^FS/^^j^SSfT&fc-rKlS iSIl 0 0 © — gBJC-f 3->&\%fTU5 Z 
hlzX*) \s YnW—Yt? l 0 1 nSmx&Zo Z\<Dh%, 

s iss ioo e>m.mn7&<Dm%tt*. hbt®^ ^mh-^^t^mznm^ 

l x l 0 17 atoms • cm- 3 iIl:lIbti5<o 

^ r > k — u ^> u =i >m i o 5%.T?z.ti&m\) mists »j ^ ^wtitm 1 o 6 

K: <fc DfitJ^ftST^ — 7* h 1/>^1 04 £&J&mT2>o #M/>^1 0 3, 1 
0 4©f^?ji, -?ft^*i0. 3 5 Am, 2^mMi:bt^< = S i Sft 1 0 0 
l*lt*^5i/tn-M/>5 L l 0 3 ra±fc«fc-3"Ctfe£:h.3«i*#:3 1/^^11 0 
2 £&&o icfc, S i*^ 1 0 0 ftCDzi U P # m I 0 2h(^tD-M/>^l 



WO 01/91162 PCT/JP01/04344 

14 

^§itaiiiio7 zmmTZo 

#m i s f et©s*iit^^^- hmmm, v— h mm, v-* • kuy> 

03 (b) £^c?-X*I^ rh7Xh^i/J/7> (TEOS) £^JH£ 
MV^fc<b^^*B^S^ (CVD) ^IISg6 8 0°Cflr^ot> ^/NJi^ff 

3 o nm©i§ i (Dmrnmikm ios ^mm^t^, -? vw^co*?*. ^ 

=i ^isngp lio zmffitz* o^d, *>*d— M/>^i03£:s iStR 

ioo h(Dm.mffiiz&tt z^^z^ts ct a C3 i^^npgpi i o &mm-rzz 

Si 1 0 0 on u P zmnffi 1 1 0 tzStB bfegp^^T>^-TzK 
bfet^ 5 5 0*CtMUooyS/7> (S ii He ) , ( G e H 4 ) 

, h- — tf^yffl©^**:? > (b» He ) u^ts^T.^.m'M.mm vx, &a&-ra 
^s-^jstB^ ©#&{;:£ t) s s ii« i o o©^ isp^maffi 110 £8tu ut^ 

£^®©_h&;:> Jp£$j8 0nm©Sii-x Ge, Jl £ bT # df- A^ft £ -fr § 
o bTs S i t -x G ex W^TB^bfc^, jfilfcL-C^-* — 

S i i-x Ge x JS©±tjp^-^4 0 nm©S i jf £ fc° ^ ^ frffiM £ -i* 3 o 
KOSii-, Ge,ltS ifCi t) > S i/S ii-*Ge*Jilll #fl2J5&£ 

nm©ig 2<Dmmmtm 1 1 2&mmLtam^ m2<ommm<bmi 1 2©_hf;i§: 
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f?X*Rel%m^X, !20$tiMl 12^F7^x-^>^ 
t) ^-*1gl§rfflgBPS$ 1 1 4§Mt«o £©t£, S 

i/Si.-xGe,Ill 1 ©^ffegB&fg 2<DmmM4bti&lZ&^XW.t>nT# b 
» ^— X^fflUPgB 1 14l:iiSi/Sii-x Ge x J§ 1 1 1 comm^tm 1 
©itSt^fbjgll 0 8 <D-Bhftmm bt^^o *fc, ^ — ^S^fflUnSB 114 
©^5fcJcffll>fe h Y7^RelSffl^t> **n> (B) tt ¥<DP McDPFfflj,^ 

<D<< Si/Sii-x Gex SI 1 1 SVl/ h n i^i/- K «>x;i/ 

i o i (Dmm®izm^xM'<~-x&xmmRii*mmT%o 

-xmxmMRii(D — &£ LTn Uhn^l/-^x;H 0 1 ©*®g|5£s 
#3 x 1 0 17 atoms • c m- a mm<D&<& y — ^BftjtJl 1 1 3 ifil&j&Z tlX Va & 0 
ifcfcx 0 4(b) C^1"XSt\ C VD e?^i^±^ 1 x 1 0 20 atoms 

• c m- 3 £JL±<Dmmg.fc F — yistlfcmZffi 15 0nm©P+ # U 1/ U 3 >Jf 1 
1 5 jK^Tn J?£*&1 0 0 nmO|3 ©*£«&<ftjJK 1 1 7 £*g«-r& 

0 mz s K^-f 3i«/^->y^J; £ N 13 ©i§«^bJSI 1 1 7i:P+ #|JJ/|J3> 
SI 15 i:§;^-->^it, |g 3 ©if;»^{b$i 1 1 7 £P + # U y =i >m 

1 1 5 i:©*ifegpfcSi 2 ©JMMM 1 1 2 \zm?&^-xma® 118 

tSo ei©^-^$ipgp lis t±m 2 commmitm 1 1 2 t> < 

> ^-^^pgpi 1 8 ifi^—xtg-ermmnB 1 1 4izm%zhi±tz^o z<D3Lm 

C«fc !K P+ # 'J ^> U n >M 1 15kSi/Sii-x Gexll 1 1 ©if ^SP^ 

MS (a) C^tXlt\ CVDCiDs «^3i^cD^:@±^Jp^ ^ 3 0 
nm©*H«KfblKfcff 15 0 nm©# U U 3 >JBI £ £ o ^ It, 

LXs P+ *'J5"J3>11 1 5St5i3©ifi^bIl 1 7 0«J:ti40 
if«IHbJBIl 2 O^to^'J^^ViP^ft^t^ K** — ;i/ 12 1 ^BfifcT 
£<> 798«i:i5*xy h^y^>^SfrVN > SI 2 ©if ^gMbJgt l 1 2 

XVI 4 (DtftRgMbflg 1 2 0 ©5 felffl b-rv>*fiP^*Kt*-rs« £©£^ ^ 
— *BBPSB 1 1 8 C:feV»Tt±x Si/Si.-x G e « JB 1 1 1 ©±gp© S i Jf # 
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^ — xmuimifi®:$i2>o Z.<bt>^v V ^v?->y<Dffi, m 1 (Dmm^fcWk 1 0 8 
tSiGe7^7>Kl 1 1 ifift mVX^tch S iSi 1 0 0 © -5 "£> N 

+ :nl/^*3l£fciJbJil 0 7 &£*fi N P+ #'JS/ij3>Il 1 5 iotl 
toftT^*©*^ S iSil 0 0 ©^®#Stfci"r3 - ti±tj:^ 0 

05 (b ) mZ&ffi 2 5 0 nm©N + *^>'J3>I1 

2 9 bfc@K F 7 >f x 9 fy^ciot Nf * 'J ^> U 3 >I 1 2 9 S;^ 

— - >^-r 3 Z hizX D > 31 * v ^51 tit} b«:f§i£ff2J5£-r3o d©h#, P+ 
U->'Jn>Ml 1 5 Oftmit^* — ->^£*iT l^^©"^ «*td^<J 5/ U 3 

>r k t>* — K&i&m£n2> z\ hi±t^^ 0 n+ nix^^gf^tb 

bl 1 0 7 & £©*®i^ N+ \) U n >J1 1 2 9 CD — — 31 y^>inz& 
otx^^> ^ !f$nsci:i)5&l^0t^ S il« 10 0 ©31® £ G0£i#B/i££ ti 
-S £ & 

117, p+ # >j > y n >jf l l 5&vn 2 ©*£M<b$l l l 2*m?-=.yy 
bTs ^gp^-^ i i 6 ©?£#t£&^-r &o 

0 6 (b) IC^-TX^T-v *x.Kji\zm£ Ififfi 1 2 0 nm©*t ftRftBt 
^Mbfci, K7^x.yf>^^fjSot> N+ #'J^'J3>I1 2 9tP + 
*'J'>'J3>I1 1 5 ©{BI@l3-y--f K ^ — ;V 12 3 C©h £© K 

^ -r m *y ^- > ^ (3}-— /n*— xy ^>y> icu^t, micDmrnMibmi o 8<dm 
m bTv^gp^^i^^ it, n+ # y u n >m 129, p+ #iji/U3 >m 1 
i 5^t>*n+ zi u & mvm i o 7 ©m® 3 0 

•JV^Cctots ^x^©^S±Cf $ijs^j4 OnmCTiH^iitfet, 6 
75 °C, 30sec©RTA (MmmT--)V) £ frft 5 d £ K «fc t) ^ N+ *U 
^'J3>il 2 9, P + Jl?iJi/ij3>|.l 1 31/^^5[§aibJil 0 

7©mtBbTV>^m®tT i->U-b-^ KJf 1 2 4*Mt5. ^©^s T i J8i© 
*RJfeap^©**5B^WK:Ki* bfe^, T i v > U F112 4 ©^H$t^£^ 
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UT N+ jK U U 3 >M 12 9, P+ /jf 'h> >J 3 >1 1 1 5St>*N+ ziU?*Z\ 

§aj bi i o 7 ±(dt i ^ y -b-^r kjb i 2 4 ca^-r &M^?L£ft?/&-r a « * b 

Ts #SE«6?Ll*JK:Wl«S««>aA/*t?Wr7 1 2 6 §J&fi&bfe&, <i>3i;\©3:® 

2 6 csm£<**v jbr9&&jr 125 <D±Kimvz&mmt& 127 

P+MSii-x Ge* £>ft3^-;*^ N+ SSiiP^>)&:Sx 
5. y ^J:S*AfeHBT#M$n5. fcSSs Si/Sii-x Gex II 1 1® 
a S i N+ # U > U n >» 12 9 ^ ?>lSiiS©NM^Mt» ( U >&£T 

&tc, *^IilC*lt5tl^$SS i/Sii-,Gex|lll £0$ 
t5IitoV>t, 07 (a) , (b) ^#llft*sfelil§tl.„ 07 (a) , 

(b ) j± n ±m<Dm.&z.Mtp<Dm 3 (b ) t^txgc^i^x^ * # • 

tfx S il^ 1 0 0<DUUt7#maffil 1 0 £SfctJ bfegP^-^TV^E-T^ 

wt— ^ot? 3L^(Dmx'&, m^m®%^^^^^^ 8 5 o°c 

5 5 0 "CHC^T^T. ^ > (S i 2 He ) h^;i/T> (GeH 
4 ) tCSl^^tif^O . 0 2 1/m in, 0 . 0 3 1/mi ntb, JEE:ft£ 
$J0. 0 6 7 PaJ:LT, H ©#H £ 2 # 4 0 #P^iH^-r £ £ £ £ «fc b , 
±K:jp#>#$j 4 0 nm©T> F — y<Z> S i G e -y-Ji 151 £ 

© i: S i G e i*-Jf 15 1 ©^fijtSti^J 1 5 nm/m i n^^ So 

i^t^ 3^ >^-|*J©?&g, JBE^SV^^ 5 > ( S i 2 He ) iBSSe-*©* 
&m#fVU1fit>^ *g 5 5 > (Bi H« ) «i4sccmt 
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^t>n-rtciAt§c 4^Flt:y;VT> ( G e H 4 ) CD^S&O. 

0 3 1/mi n^S> 0 1/mi n £ ^iUffJ £fb £ 3 3 h lz «fc *) N $g||S i 1- 
x Gex ^®Ge®M$xtfl 5%^f,0%t^fbLtlr^H^* s l54 Onm 
(Dmns i Ge^i 1 5 2 & ai t: # * * ;i/J?fc:K£ 3 o M£4S 

1 G e ^-*J1 15 2 0¥iS^^J^«^g{i^ 1 0 nm/m i nTS /tfD 
^A 3 ^ 4 x 1 0 18 atoms • cm' s tf*5. 

tfU-s 3^ >M-f*J©?Sg£, BEifcStf > (Si 2 He ) 

( G e H 4 ) ^StCi:^<, > (B 2 He ) ©#tif££ 

— 7S i Jl 1 6 1 & V It&o Z\<Dh%, 7>P-7SiIl 
6 1 ©J5&fiS^fcfc$7 2 nm/m int$So 

^©^K IV, «&5 %©7.fCjJi#f^#^ > (Be He ) tSiO .0011 
/mi ntf t>n-rt(:^b, Z<DVlM*5ftmmnTZ>Z.lHZ£\), m^m 
1 OnmCF-7'FSill 62 £ ^ tf # ^ is \ frffi,^ -fr § 0 C<Di:§ N h* — 
7 , hSi|162 ©E&ftjt^fct&J 2 nm/m int, f n >©itg#$} 1x10 
18 atoms • cm" 3 tSS. 

JtfBXg#i!&T Ufe«g«. T> K-T'S il 1 6 1 , h* - 7* b S i JB 1 6 2 fcr 
=fc £ n Si^Ft 15 3 *s^J^^tlS 0 ^fes S i G e^^-I^Ji 15 1, 

flg£4S i 1 5 2SVS i * * v7M 153C«t^ Si/Si.-x 

Ge» 11 1 1 M*n«. 

07 (b) fcfc. Si/Sii-x Gex Will ©B^ii^T? & o T #MHL3liu iz 

G e^ — *J1 1 5 2^SiJFty 1 5 3 K — ^ h S ill 6 2<Dfr\zM 

bt> ?0t§xi[ij3iiSiini^ii)SA§Ci:Hctots i^SiGe^ 

— *Jg 1 52^Si dp* y 7S 15 3 tf© K — ? h S i M 1 6 2 ic b* — y^fitz 
^n>*s^icb^ S&fltjCBu 02 (b) t^tiift^ni/oiKrp??^ 
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^Din-situ K -:/fc«fc 3 CVD&frfc 5 j&tf ■*nm&M 

lz&%b, in-situ K-7HJ:ot, Si^t^rfl 5 3 ©±gBC K-T'^tl 

izg^rmw ufcia 2 (a) ~i6 (b) ?^§ 0 

•e^^o S8 (a) , (b) fcfc N 4 (a) Jc^fX 

t> 3 1/^^1102 ©±^ N Wfrftm 40nm®7> K — 7* CD S i G e 

it« 1 5 1 JP^#$J4 0 nmT* 4 x 1 0 18 atoms • c m~ 3 <Di^u > 

fc^tfflg^S i Ge^-7i 1 5 2 }:§Mt§o 

wt— rtosse, mtf^i>^^ y (si 2 He ) mm&mms ± 

G e^ — xm 1 5 2 (DftZmnfrt>^Z--flZ>f)V?> ( G e H 4 ) *mTZ f& < 
^ 7jcm#f?^*^> (B 2 Ha ) (D&m&»±$M:s Z<DVtM% 2 
SuilCJ;^ JP<^#$7 4 0 nm©S i -V v71 15 3 £ :n t: * 3=- * frffiM 

III 1 (DmMBMte&tt 2 ©it^^fbM 1 1 2(3^i^T N #n>dSK 

-^^nfe^> u ^ >^<bM (b s gi) friotzzwii (Dmrnmitm nitsi 

;fc^Ts ^^^N^ 4 0 0 °CiZ#^^-B-fe^ N ffrffiTfc^Tx fh7Xh^^^ 
^> (TEOS) *ift«l. 51/minT? N h'Jxb4^*D> (TEB) £ 
Mfi 1 . 5 1/m i nT% itfi? 8 5 g/Nm 3 ©^V*>^^t?0 2 7 . 5 

1/m i nT»s N 2 &«UB 18.0 1/m i n*CSftbx £©>tfc«l£: 1 5&fflftl& 
t^Cktib, 3wt %©**o >£^<t?ff#^ 3 0 nm©H 2 (DMm^hm 1 
7 1 SMt5. 

EI8 (b) ii s c©i:§(0«KWf®fcij3t*S7Ko>cDaiaf7*D7T-f ;i/*^-ria 
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fotont^tniiDMitiiot, m 2 com mmitm i 7 1 

D>i s S i^t 1 )' 15 3 ©±gP^J£i!(-r^©"C^ g^fi«J^{±> 0 2 (a) Id 
fNti^ft^nxDlg^D 77^f &*i3 0 

EI4 (a) t^fXliilliC, Sg 2 ©Ig^fbjgi 1 7 1 K^ — 
•&ffl!8P9Jl 1 4 £7fcfiSU£:^ N 0 4 (b) -16 (b) tern? JLUZfrte *> Z. 

zzx-s pnp;w*- ^ h ^>vx^iz^^xit, m 2 ©if mmitm 1 7 1 

-^tSIt^t-SS, «rKlx S i «> 7m 15 3 (D±m&<D5 *>H 2 ©*|t® 

o 

-m3<Dmmmm- 

{3 te^xmW UfcEl 2 (a) ~06 (b) tc^ fit D X %> 0 
*mMJ&miZl$^Xl±, 0 4 (a) , (b) C^tXtS^T©<t5CfT)&9 
19 (a) , (b) fcU ±x£©S^xa^©E] 4 (a) , (b 

^mmmm^^^xi±s m 1 ©mt^JBc^^rttw ufcit t> ©M^tr&o 

T\ =3 l^#Jf 1 0 2 0±C, mfr&ffi 4 0 nm©T> K — 7(D S i G e X^ — 
•9-J1 1 5 mfr&m 4 0 nm^ig^l?) 4x10 1 "atoms • c m" 3 CD^D > 

£^tf M^S iGe^-^fl 5 2 hZMfRTZo 

ft^-^cgg, £E#;Rtf^>7> (Si* H s ) it^i^S i 
G e^-xjf 15 2 ©^^^^^>^^-ric:^;i/v> ( G e H 4 ) %mirz£.te< 

^ 7jcm#m^**v> (b 2 He ) <D&m&w±zi*, z.<Dwm% 2 o fi-mmm-f 

%>Z.£lz£.b^ mfr&fo 4Onm0Si^t^ 7M 153 £^ ^ # ^ ;i/J5gft 
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fc*> 16 2 (Diitttt'fbjK 1 1 2©ff?*£ 1 0nmhbT*5<o 

mz s m i (Dmm^m^^^xmmi,r^mm\zx-ox, m 2 (ommm^hm 1 1 
aui 1 4(DMffi&m^fciss>z h-?7^sn>fe^D> (b) ©^>ax^s 

ftl^ 04 (b) C^txlfKB b£ £ 5 CVDCi^ $^^±izm 
£® 1 5 0 nm©P+ *yi/'j3>1115 &*l*fr3*^ ^SfcflET&JBCfcV^ 
J*n P+ stf U U 3 >Jg 115 4>©#n >©?tg£ 2 x 1 0 20 atoms • c m- 3 W 

'J^'J3 VflUCx in^mffi* 5 ^ 8 k e V, H -Xli 3 ^ 5X10 15 atoms s • c 

\ * U U n >j^©^l»^Cin-situ H — rr^fffc! oT <fc Jg 1 © 

HS£B^i:|Bl«©^S^ £ D> H 3 ©Jtamfbill 1 7 (04 (b) #JB0 ©i§ 
Jg 3 ©if ^m<bil 1 17kPt #yj/ij3>Il 15 i:®/^-->^^ 
J;3^-;*@f ngp 118 ©Bf&i:£fT&v^ P+ * U is U ^ >Ji 1 15tSi/ 

si.-xGexiin < su^fcc x^xmmznzM^-x 1 

1 6 (Bi4 (b) mm) SMtS. 

09 (b) fc* N £© 2:*©IKWiBK:^fcJ-asl?n >©i§g:rn 7 r J frftrnTm 
d©^^T*{±s S i^tf 711 5 3 ftCfcfctfD K-7^tlT*5e> 
"fx ^2©±ta^<bjmi 1 2 *HTT«B-&ftfcP + *U^U3>Jf 1 1 5 
gp^-^S 116 © — SB) £iB»£<D#n K-:7'£;HTV^£ttT*&3;& s , 
J t©&©Xgfc:fettS;toa&M£«k-3-C. P+ jK'JJ/'J3>I1 1 5^©^n> 
Jg 2 ©JiSt&tfjJK 112 Si*M71 1 5 3 0±fl5l:llSftt* 

<DXs mnmiziz, m2 (a) t^tj;a^^n>©ig7'D7 7'f;w^ti 

o 

^©^s SI 5 (a) ~E|6 (b) £ h(3 «fc ^ Bltwt 
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q >m 1 1 5 £ S i y y^m 1 5 3 ©±gp^7j<n 5 £ It 

S i y 7*1 1 5 3 ©a *>^ — *HngB 1 1 8 ^T©ft^T* & & ^ 

5. s>#&gcjl 15 3 a£i&<^£©^7f;n>£#A-r&c^#-t-^ ^5. 

HfcfUI 15 3aCK-rt5'J > i: AT SiBSStffc^o bfc#o 

T\ S i y :7*Jf l 5 3 ©JigBJC&ttStf n >©^JK<^ o h bv^a 

iSk ±IBi&IIM^?J^*3V>Ti±s PffriS U S/ U r3 >M©HB Tlz^^B^^M 

£#qrf£T-&& 0 -^©*§£\ N+ #iJi'ij3>Il 1 5 ^ISitf-r^ Si/Si 
.-x Gexlllllil ©iga^bM 1 0 8 ©±*T5 5EtF**»3&i: bT, g£ 2 
©*f£«^<fbjg|l 1 2 © d -k^-^PgB 1 1 8 £HiffflS#Wfl>©8|S#&fifc*bT 
*^««kVA 0 £©£:£> Si/Sit-x Gexjglll©dt>g§ 1 ©ig«&<ffciIgS 

a*"*— b-caiflg-r ©is itafiBt n««fc < , h 

±IH^|IM$t|g©:£$!a;::fcV^fci:s 0 2 (b) Cgt«t3i:, S i^t-yT*! 
1 5 3 ©TgP^^3l?D >ifimmz& t> H-^^tl^)* 5 . ^-IM^Iifcl&^-t. S 
i v7m 1 5 3 ©T^f- fcin-situ H — ^tiotfD >^ 

HB T ©^^©^WM-^n HB T©£8BK: K-7-rs=f*li«»©^*SJ«±± 

i3=§-nj£Big ^ «± m. co>mmm \zu& 0 

S. fe. -&%m<D S iGe-HBT^S i-CMOSFET i:£^5E© S ili 
±lC^mbT3&*V>to»9>aB i CMO S^/^ £ £ Wil"?! & 3 «, 

±IB=&l^ll^figtC^^S S i Ge7^-tl^ ffi^S i G e ^—^Mizf^x. 
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T\ SiGeC^^-^I^>, mns i G e C ^-*1 fcigfrT «fc l> o 

31 1 3 (DrnMBMlz ifefrB Si/Sii-x Ge« 11 1 1 #B 1 CDiftm^ 
itmi 0 8 ©_ti;i^tKT^T& <fc^o 

S 1 ^^-r^3tl3i3V>T«> ^-*Jf £ Si!-x GexS ( 0 £x< 1 ) 53 «t 
Ui^lfe^ ^— *1£S i i-x Gex M<DKt> t)CS i t-x- y Gex C y 1 
(O^x, y< 1) «Si.-, C y I ( 0 £y< 1 ) £ £ b mm LT «fc * 
fc v ;n ^ y * , Z3l/^#©-5^'J>&< ^-f lo^Six-xGexS, S 
i i-x- y Gex ClXliSi.-, C, Ita D fitfig L T * «fc V>o 

0 1 3 M^mmiZjolfZ S i i-x Gex JBfcft&TS i i-*- y G e x C y 

i^ggfrfc^^wc^^-^ ^ h ^ >^^^ (hbt) commmx*$> 

%>o d©^t*(J-SHBT0Mt±, ±|BBI 1 fc^1-HB TOKtJSkli:^ 

s iii ioo <D±m<D? -huv ? ^psngpi 1 o ^stB-r^gp^©_h^{i, 

PI^MIli) 3 F-7$nfcf^H8 0 nm©S i .-x- y Gex C y l£JP£^4 
0 nm© S Si/Si i-x- y Ge x C y M 2 1 1 asgSW- 

^ftTl^o C©Si/Si i-x- y Gex C,i2 11tt, a^fifeSfc: <t 0, S 

i o oos-fe^u^isinfflsi i o ciiB ltv^^#©±©#u;:}12e&£ 

^btv Si/Sii-, Gex C y Jf 2 1 1 CO o % CD ffffegB 

^^-^pspgp i i 8 coT^mm) ©TSP^i^gp^-^ 2 1 9 }l Lxmm u-r^ 

Zo Si/Sit-x Gex C, 12 1 1 © *ffeg|5©±2&:& s ai 5. -^Itl 

xmmisT^&o Si/Si i-x Gex C y 1 2 1 1 ©#ifffl o U T fciu 

^&3o *fex Si/Sii-, Gex C, 121 l&VU hD^I/-H>>i;H 
0 lcDmmmzm.-DX, #n>J *>co&Xiz£%M^--X&\Mi%RiiiPm 
mZtlT^Zo Si/Sii-x Gex Cy 12 1 1 J&XFWi 1 ©iMIHbflg 10 8 
<D±lzi£^ f^lU3 0 nm©^ «y h v'im<D& 2 ©it^^-toM 112 #i8J* 

£*itv>Ts $6 2oii«ttnsKi i 2izi±, *-x&<&mma&i 1 4iv^- 
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m 2 vmrnnibm i 1 2©±i:ivsi^«ii 5 o nm©p+ #us"j3>n 
1 5 hmzvmmmfcmi i 7 fctfSftfr&ftTi^o ±ibs i/s i i.« Ge« 

Cy 12 1 1 ©-5 ^^-XliPgp 1 1 8©TSil^i<^i:P+ ^'h>'J3 
>Jf 1 1 5 ^£<fcoT*«^-;* 2 1 6 *lTV>£o 
ia 1 3 K^S ft* s 01C^tiili:ilM^S©T\ 112: 

(liitSSit-x G ex m<D^\Z& S i i- x - y Ge, C 
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Iff sf<: <tz> m&. SI 

i. &m±^mt^n^ m i mmm^mm^^tszn u ? zmhtezm i <D*m 
±mm i <D*mfam<D±^witt e>*u ig 2#mM^M#i£^t?^-;*jfb&£ 

±I3tg 2 ©^2f#:Jl©±k:tS:tt-£>n^ ±I3SI 2 ©^zg#« ^ fcfc/t > F^t'y7 
rt s ll&3#3&*>£;&&fg 3 ©^-ffcJl^ 
±I3!£3 ©###:«©±£|£fr£;h,fc^iii]mi:> 
±ia^^ic|g{t £*is ±f3Sf! 3 ©^^JSidji-rsiBngP^ 

3. m&M. 1 ©/W tK— -5 h 9 >->*X#f;:;j3^t\ 
±i3Sg3©*zi#:/f ©5 ^±IBT^ti^j^M©^^r{il<fl[«-rslfP^t3^b^ * 

±I3H 3 ©¥##:;i©_tgfl©'>& < fcfc— gpjc^i;ft*£2$*M;F*&«ffc^ 
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4 . If 1 ~ 3 <D r> % ^-ftlfr 1 -D(D^J 7$ — ? h =7 iZ 25 ^Ts 

o 

±8BS«J±$' 'J n tK 

±1311 2©^*i#Jlfci:S i GelXSS i Ge CJBT'fc D „ 

o 

, m2mmM^mw&^ts^—xm*iu%m2(D¥mfcm&Mm?z>^m (a) 

^^^t;i/^l:<tDMt5it (b) t N 
JisBxa (b) ©^tr, S«±(3iiISttt§XS (c) 

±tammmiz±t2n 3 <D¥m#>mizm? % ma® &mm-tzx.m (d) 

iSiAU, x^^aURlSMtSxl (e) i: 
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a (c) 

±13^ 3 (D^mfcmo a t>±i3ggngis©T£&;:<{im?-3isi^!g i 
8 . mu±<Dm i #»M^M^s^t?r3 ^^ji^-ssi i (D*m<&m<D±iz 

3 cD^^^Ji^^tf^ ^>>^;i/ggft^ x Dflt^xi (b) i: 

±tsx@ (b) omz, mu±izmmm*mmTz>x.m (c) 
mzmmTzmn®&mmT2>x.m (d) 

Mt^xg (e) 

±tBxe (e) (DgtiZs ±mmmmiz±mm3<D*mi&mizMtz>maffi*%z 

«t§H (f ) 

iv^MtKJS^^^t-^xm (g;) 

±i3xe (d) cD^©Ms^j;t)^ ±i3fg 3 <D¥mfoM(D±mz±tzmfomfr 
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±fBxg (f ) ©^T-±l3x^ (g) ©liutcu 3MR±K:±ia^#:jffifc fetal©* 
l,fc«x «Sy©3Hi*:JI!IS^^-->^bT±IB«6ISJII©MP8B*«i«> 
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FIG. 1 
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FIG. 2 (a) 




FIG. 2 (b) 
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FIG. 4 (a) 
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FIG. 5 (a) 




FIG. 5 (b) 
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FIG. 6 (b) 
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FIG. 7 (b) 



^ ^ ^ ^ 

,162 161, 152 151 102 

y } 

153 



THIS PAGE BLANK (uspto) 



WO 01/91162 



PCT/JP01/04344 



8/13 



FIG. 8 (a) 
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FIG. 8 (b) 
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FIG. 10 
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FIG. 11(a) 
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FIG. 11(b) 
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FIG. 12(a) 
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FIG. 13 
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